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ABSTRACT

Accelerated telomere shortening has been associated with several age-related diseases and/or decreased lifespan in humans. The Mediterranean
diet (MedDiet) is considered to be 1 of the most recognized diets for disease prevention and healthy aging, partially due to its demonstrated
anti-inflammatory and antioxidative properties which may impact on telomere length (TL). The aim of this meta-analysis was to determine the
associations between MedDiet adherence and TL maintenance. MEDLINE-PubMed and Cochrane databases were searched up to December 2018
for studies evaluating the association between MedDiet adherence and TL in blood cells. Two reviewers, working independently, screened all titles
and abstracts to identify studies that met the inclusion criteria [cross-sectional, case-control, and prospective cohort studies and randomized clinical
trials (RCTs) published in English and excluded nonoriginal articles]. Data were pooled by the generic inverse variance method using the random
effects model and expressed as standardized mean difference (SMD). Heterogeneity was identified using the Cochran Q test and quantified by the
I2 statistic. A total of 8 original cross-sectional studies were included for the quantitative meta-analysis, comprising a total of 13,733 participants
from 5 countries. A positive association between adherence to the MedDiet and TL was observed in all meta-analyses, with the exception of those
conducted only in men: SMD (95% CI) of 0.130 (0.029; 0.231) for all subjects, 0.078 (0.005; 0.152) for women, and 0.095 (–0.005; 0.195) for men.
Only 1 prospective cohort study and 1 RCT were identified, therefore, we could not undertake a meta-analysis for these study designs. The present
meta-analysis of cross-sectional studies demonstrates that higher MedDiet adherence is associated with longer TL. At the same time, larger and
high-quality prospective studies and clinical trials are warranted to confirm this association. Adv Nutr 2020;11:1544–1554.
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Introduction
The Mediterranean diet (MedDiet) is a collection of eating
habits, determined by sociability, knowledge, intergenera-
tional transmission, and intercultural dialogue going from
the landscape to the table (1). The MedDiet is 1 of the
most consistent dietary patterns analyzed in relation to the
prevention of cardiovascular disease (CVD) and other health
outcomes (2), including reduction of overall mortality (3–5)

and increased likelihood of healthy aging (6). The traditional
MedDiet is characterized by a high intake of vegetables,
fruits, nuts, legumes, and grains (mainly unrefined); a high
consumption of olive oil but a low intake of saturated fat;
a moderately high intake of fish; a low intake of dairy
products, meat, and processed meat; and a regular but
moderate intake of alcohol (specifically wine with meals)
(7). Therefore, it has been proposed that different nutrient
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synergistic interactions, albeit difficult to identify, may have
a beneficial role into the MedDiet-disease axis (8).

Telomeres (TLs)—the protective ends of linear
chromosomes—shorten throughout an individual’s lifetime
(9, 10). Accumulation of critically short telomeres is
proposed to be a primary molecular cause of aging and
age-associated diseases such as CVD, type 2 diabetes,
neurodegenerative diseases, and decreased life expectancy
(9, 11–14). TL is considered to be a biomarker of aging.
In this regard, positive relations were established between
different pathological conditions modulated by oxidative
stress and inflammation and the accelerated shortening of
telomeres (15). Indeed, nutrition, oxidative damage, telomere
shortening, and cell senescence represent a sequence of
processes, which may play an important role in in vivo aging
and longevity (16,17), with TL being the potential mediator
between lifestyle and risk of disease (18, 19). One of the
mechanisms in which diet can reduce the risk of disease is
with regards to its impact on telomeres.

Accordingly, findings from different studies have shown
that lower stress, physical activity, high-quality diets (e.g. in-
cluding the intake of ω-3 free fatty acids, some antioxidants,
and low consumption of processed red meat), and adequate
sleep are related to longer telomeres (20, 21). Therefore, the
MedDiet could be a good dietary pattern choice to preserve
TL throughout lifespan (reviewed in Davinelli et al.) (22).
However, even though the previous meta-analysis found
contradictory results in relation to TL and overall diet (23),
there have been no meta-analyses focused on the MedDiet.

In an attempt to provide a wide-ranging vision of the
field and extend the conclusions, the aim of the present
analysis was to systematically review and meta-analyze, for
the first time, all the published studies investigating the
relation between MedDiet adherence and TL in blood cells.

Methods
Protocol and registration
The present study and the corresponding search protocol
have been registered at PROSPEROregistry (http://www.crd.
york.ac.uk/PROSPERO) as CRD42020150809.

The Physiopathology of Obesity and Nutrition Networking Biomedical Research Center
(CIBEROBN) is an initiative of the Carlos III Health Institute (ISCIII) of Spain, which is financed by
the European Regional Development Fund (ERDF) (CB07/03/2004). SC is supported by a
RYC-2013–12598 grant. PH-A and NB-T are supported by a postdoctoral fellowship (Juan de la
Cierva-Formación), FJCI-2017–32205 and FJC2018–036016-I, respectively, funded by the
Ministry of Science and Innovation. SG is a doctoral fellow from AGAUR No. 2018FI_B_00444,
Generalitat de Catalunya. MC-B holds a Miguel Servet fellowship (Grant CP19/00035) funded
by Acción Estratégica de Salud - Carlos III Health Institute (ISCIII), Spain. This study was funded
by the NIH, the Spanish Ministry of Health and the Ministry of Economy and Business-European
Regional Development Fund. This work is partially supported by ICREA under the ICREA
Academia programme.
Author disclosures: The authors report no conflicts of interest.
Supplemental Tables 1 and 2 and Supplemental Figures 1–9 are available from
“Supplementary data” link in the online posting of the article and from the same link in the
online table of contents at https://academic.oup.com/advances.
∗SC and NB-T contributed equally to this review.
Address correspondence to SC (e-mail: silvia.canudas@fundacio.urv.cat) or PH-A (e-mail:
pablo1280@gmail.com).
Abbreviations used: CVD, cardiovascular disease; MEDAS, Mediterranean Diet Adherence
Screener; MedDiet, Mediterranean diet; RCT, randomized clinical trial; SMD, standardized mean
difference; TL, telomere length.

Literature search strategy
We performed a systematic, comprehensive search of the
literature for human studies published in English, Spanish, or
French, in 2 electronic bibliographic databases, MEDLINE-
PubMed database (http://www.ncbi.nlm.nih.gov/pubmed)
and the Cochrane Library/Database of Abstracts of Reviews
of Effects, from the earliest available online indexing year
up to December 2018. Supplemental Table 1 depicts the
complete search strategy. Moreover, we performed hand-
searching of the reference list of the retrieved articles.

The following inclusion filters were applied in the search:
Classical Article, Clinical Conference, Clinical Study, Clinical
Trial, Clinical Trial-Phase I, Clinical Trial-Phase II, Clinical
Trial-Phase III, Clinical Trial-Phase IV, Controlled Clinical
Trial, English Abstract, Journal Article, Letter, Meta-analysis,
Multicenter Study, Pragmatic Clinical Trial, Evaluation Stud-
ies, Case Reports, Congresses, Dataset, Introductory Journal
Article.

Eligibility criteria and study selection
The titles and abstracts of all the preselected articles were
screened for eligibility by 2 independent researchers (SC
and SG), who are specialists in TL and human nutrition,
respectively. Any discrepancies were re-evaluated together
with a third author (JS-S). After primary screening (to
evaluate the scope of the study), the full texts of the selected
articles were obtained. We included cross-sectional, case-
control, and prospective cohort studies, and randomized
clinical trials (RCTs) and review articles. Only studies
defining MedDiet adherence as the exposure (assessed by a
priori index scores in the case of observational studies) and
TL in blood cells (peripheral blood leukocytes, peripheral
blood mononuclear cells, and whole blood; as the outcome
were included in the meta-analysis.

Exclusion criteria were as follows: nonoriginal articles
(reviews, commentaries, editorials, or letters). Ecologic as-
sessments, nonpeer-reviewed articles, languages other than
English, Spanish, or French, mechanistic studies, studies
conducted in pregnant women, and supplements to the main
manuscript (e.g. Author’s Reply sections). Pooled analyses
and meta-analysis were used as support for interpretation,
but the data were not included in the database.

Data extraction
Using a standardized proforma, 2 independent reviewers
(SC and SG) extracted the following information from each
study: authors, year of publication, journal, title, location
of the study, age, population studied, sample size, study
design, type of exposure and assessment method, outcome
and assessment method, and main conclusions.

For the present study, since TL can be measured as
absolute TL (bp) or relative TL [telomere (T) to single-
copy gene (S) sequence (T/S ratio)], TL was considered as
the main outcome regardless of the unit of measure used
to assess it. Because the included studies do not have a
consensus analysis in the statistical data, we contacted the
corresponding authors of each study to ask them to complete
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FIGURE 1 Study selection flowchart.

a table (Supplemental Table 2) in order to standardize the
results and provide data for us to analyze. In all cases, we
asked the corresponding authors to transform TL (natural
logarithm), regardless of the unit used to measure it, prior
to the analyses to address the issue of positive skewness in
the measurements of this outcome variable. We requested the
age- and sex-adjusted and fully adjusted means of TL and SE
for each category of MedDiet adherence. It is important to
adjust effect sizes for age and sex because studies observed
that women tend to have longer telomeres than men (24)
and that younger individuals have longer telomeres than
older individuals (25). We asked for this information for the
total population and for men and women separately. The
corresponding author of each study was invited to participate
in the meta-analysis.

Study quality assessment
Two independent reviewers evaluated the quality of the
cross-sectional studies included in the meta-analysis using

the National Heart, Lung, and Blood Institute Quality As-
sessment Tool for Observational Cohort and Cross-Sectional
Studies. This tool guided the authors to rate the overall
quality of the studies as good, fair, or poor based on 14
different criteria (https://www.nhlbi.nih.gov/health-topics/
study-quality-assessment-tools; accessed on 30 September,
2019).

Statistical analysis
The meta-analysis was conducted using Review Man-
ager (RevMan) software v.5.3 (http://community.cochrane.
org/tools/reviewproduction-tools/revman-5) and R software
v.3.5.1 (26) including the R packages “meta” (27) and
“dmetar” (28). Results were reported following the meta-
analysis of observational studies in epidemiology (MOOSE)
guidelines. The generic inverse-variance method with ran-
dom effects models was used to combine the results across
studies comparing extreme categories of MedDiet adherence.
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Since studies used different methods to assess TL (absolute
TL in bp and relative TL based on T/S ratio), we standardized
the data to a uniform scale in order to be able to pool them.
We used the means, SDs, and sample size to estimate the
standardized mean difference (SMD) (adjusted Hedge’s g) for
each study. The Hedge’s g is the difference between the mean
TL between the highest and lowest category of MedDiet ad-
herence divided by the pooled SD of the categories multiplied
by a correction term (29). Pooled SD was estimated using
the following formula: Sp =

√
(ne − 1)SDe2+(nc − 1)SDc2

ne + nc − 2 , with
“ne” and SDe denoting the number of observations and SD
for the highest category of MedDiet adherence, respectively,
and “nc” and SDc denoting the number of participants and
SD for the lowest category of Med Diet, respectively.

We ran meta-analyses on results from both age- and sex-
adjusted models and fully adjusted models and for the total
population and both men and women separately.

Interstudy heterogeneity was assessed by the Cochran Q
statistics (P < 0.10 was considered significant) and quantified
by the I2 statistic (≥50% indicated substantial heterogeneity).
Sensitivity analysis was performed by removing 1 study at a
time (i.e. leave-1 out approach) from the meta-analysis and
recalculating the pooled effect size. If >10 study comparisons
were available in each analysis, publication bias via funnel
plot asymmetry, and Begg’s and Egger’s test, as well as
potential sources of heterogeneity were assessed.

We performed subgroup analyses using a random effects
model to explore the association between MedDiet adher-
ence and TL. Data included in the meta-analysis was split into
subgroups according to the type of MedDiet score used and
based on the qPCR methodology used for TL measurements.

Results
Study characteristics
A total of 26 articles were identified after a primary search
of MEDLINE-PubMed and the Cochrane Library. The whole
process is detailed in Figure 1. After analyzing all abstracts,
11 articles were excluded because they were beyond the scope
of the present study (did not assess the effect of MedDiet
on TL). A total of 15 articles were collected as full texts and
were assessed for inclusion based on the inclusion/exclusion
criteria. After applying all the eligibility criteria, 8 articles
were included for qualitative analyses. Only 1 RCT and
1 prospective cohort study were found and, therefore, we
could not perform a meta-analysis for these types of study
designs.

The present analysis included a total of 13,733 subjects
from 5 countries: Australia, Italy, Finland, Spain, and the
USA. The characteristics of the 8 studies (13, 30–36) are
summarized in Table 1. Most of the studies are equally
distributed by sex except Crous-Bou et al. (31) (women
only) and Gu et al. (32) (higher proportion of women:
68%). The age of the participants ranged from 20 to >65y.
Across all studies, 4 different MedDiet scores were used
[i.e. Trichopoulou 2003 (3) or 2005 (37), Mediterranean
Diet Adherence Screener (MEDAS) (38) and Panagiotakos

2007 (39) scores], and TL was analyzed by qPCR [following
Cawthon 2002 (40) or 2009 (41)] in all the included studies
(Table 1).

Meta-analyses of cross-sectional studies
Analyses were performed using unpublished data provided
by the authors of each included study. A positive association
between MedDiet and TL (measured as the SMD) was found
in all meta-analyses with the exception of those conducted
only in men, as summarized in the super plot shown
in Figure 2. A total of 6 meta-analyses using a random effects
model were performed based on type of adjustments (age
and/or sex, and fully adjusted) and the population strata
[all subjects (Figure 3), specific to women (Figure 4), and
specific to men (Figure 5)]. In the case of the analyses specific
to women, it included results from Crous-Bou et al. (31) in
a cohort of women from the Nurses´ Health Study (NHS).
The remaining 7 studies were common to all the analyses
(13, 30, 32–36). The results showed that for all subjects, age-
and sex- adjusted model SMD (95% CI) was 0.130 (0.029;
0.231) (Figure 3). The fully adjusted SMD (95% CI) was
0.104 (0.005; 0.203) (Figure 3). For women, the age-adjusted
model SMD was 0.078 (0.005; 0.152) (Figure 4) and for men
0.095 (−0.005; 0.195) (Figure 5). Of note, for women the age-
adjusted model was significant, SMD: [0.078 (0.005; 0.152)],
whereas this association disappeared in the fully adjusted
model, SMD: 0.041 (−0.020; 0.101) (Figure 4). Although the
significance was lost, results were still in the same direction as
the age-adjusted model, suggesting a putative influence of the
variables included in these fully adjusted models that differed
between studies. In men, we found no significant associations
in any model [age-adjusted model SMD: 0.095 (−0.005;
0.195) and fully adjusted model SMD: 0.148 (−0.021; 0.317)]
(Figure 5).

Results of prospective cohort studies
The study conducted by Meinilä et al. (35), was the only
prospective cohort study evaluating the association between
MedDiet adherence, measured using the Trichopoulou 2005
score, and TL. This study showed that, after 10 y of follow-
up in 456 men, MedDiet adherence was not associated with
TL change. However, MedDiet adherence was associated with
faster TL shortening in 590 women after 10 y of follow-
up. Because only 1 prospective cohort study of MedDiet
adherence and TL was found, this study could not be
included in the present meta-analysis.

Results of RCTs
To date, only 1 RCT (13) has evaluated the effect of the
MedDiet on telomere shortening after 5 y of follow-up. The
study was a multicenter parallel group clinical trial conducted
in 520 Spanish adults at high risk of CVD. The results showed
no effect of the MedDiet supplemented with extra virgin
olive oil on telomere change compared with the control
group following a low-fat diet. Nonetheless, the MedDiet
supplemented with nuts seemed to have a detrimental effect
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FIGURE 2 Super plot of the different meta-analyses for the association between telomere length and Mediterranean diet adherence
(cross-sectional studies). SMD, standardized mean difference.

on telomere shortening [P-ANCOVA = 0.003 (MedDiet-
Nuts compared with Control)]. When authors analyzed
the risk of telomere shortening (� age-adjusted z-score
TL ≤20th percentile) compared with the control group,
individuals following the MedDiet supplemented with nuts
had a higher risk of telomere shortening (OR: 3.18; 95% CI:
1.73–5.90), whereas no effect of the MedDiet supplemented
with extra virgin olive oil was reported (OR: 1.28; 95% CI:
0.67–2.44). Since only 1 RCT was available, we did not
conduct a meta-analysis for this type of study design.

Heterogeneity and publication bias
Significant evidence of heterogeneity (I2) was only reported
in the fully adjusted meta-analysis for men (I2 = 47%,
P = 0.08). Due to the reduced number of studies included
in this meta-analysis we were not able to assess the sources
of heterogeneity. For the same reason, publication bias via
funnel plots could not be performed (i.e. <10).

Sensitivity analysis
Leave 1 out approach.
The individual impact of a single study on overall het-
erogeneity and its influence on the pooled estimates was
analyzed (Supplemental Figures 1–3).

In the fully adjusted meta-analysis using all subjects, the
removal of Boccardi et al. (30) or García-Calzón et al. (13)
changed the SMD to nonsignificant (Supplemental Figure 1C
and D). Of note, the exclusion of Boccardi et al. reduced the
I2 from 42% to 3% (age- and sex-adjusted) and from 39% to
0% (fully adjusted) (Supplemental Figure 1B and D).

The SMD became nonsignificant after the exclusion of
Leung et al. (33) or Gu et al. (32) from the age-adjusted
meta-analysis using only women (Supplemental Figure 2A
and B). However, there was no evidence that the null
association between MedDiet and TL was attributed to a
single study in the fully adjusted meta-analysis using only
women (Supplemental Figure 2C and D).

In the meta-analysis conducted only in men, the removal
of Leung et al. or Milte et al. modified the SMD which
became significant in the age-adjusted model (Supplemental
Figure 3B). However, no study omission changed the SMD
in the fully adjusted model (Supplemental Figure 3D).
Moreover, the removal of Leung et al. explained the observed
heterogeneity in the fully adjusted meta-analysis (I2 changed
from 47% to 6%) (Supplemental Figure 3D).

Subgroup analyses.
We conducted a stratified analysis according to the type
of MedDiet score used (Supplemental Figure 4–6). The
MEDAS and Panagiotakos scores were used only in 1 study,
Garcia et al., and Leung et al., respectively. We observed
similar associations in the studies using the MEDAS and
Trichopoulou scores in all subjects’ age- and sex-adjusted
meta-analysis, whereas in the study using the Panagiotakos
score the SMD was not significant (Supplemental Figure 4A).
However, in the fully adjusted meta-analysis nonsignificant
associations were reported regardless of the MedDiet score
(Supplemental Figure 4B). In the case of the meta-analyses
conducted only in women, a positive association between
MedDiet adherence and TL was observed for the study using
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FIGURE 3 Forest plot for the association between telomere length and adherence to the Mediterranean diet including all subjects
(cross-sectional studies). Figure shows independent meta-analysis for age- and sex-adjusted (A) and fully adjusted (B) of Hedges’ g
parameter. SMD, standardized mean difference.

the MEDAS score in the age-adjusted model, whereas we
found nonsignificant associations in the other scores (Sup-
plemental Figure 5A). However, in the fully adjusted meta-
analysis nonsignificant SMD were reported irrespective of
the MedDiet score (Supplemental Figure 5B). Finally, for the
meta-analyses including men only, any score deviated from
the null association reported in both the age-adjusted and
fully adjusted meta-analyses (Supplemental Figure 6).

We additionally conducted a subgroup analysis based on
the qPCR methodology for TL (i.e. Cawthon 2002 or 2009).
Results in all subjects based on the age- and sex-adjusted
model showed a significant positive association between
MedDiet and TL in those studies using the Cawthon 2002
approach but not in the 2 using Cawthon 2009. However, the
heterogeneity was high and significant in the first method
and null and nonsignificant in the second (Supplemental
Figure 7A). In the fully adjusted model using all subjects,
a nonsignificant association was observed regardless of
the method used, although the heterogeneity remained
significant in Cawthon 2002 (Supplemental Figure 7B).
In the case of women, the subgroup analysis using the
qPCR TL method was nonsignificant considering age
and fully adjusted meta-analyses (Supplemental Figure
8). This same trend was exhibited in the age-adjusted
meta-analysis only in men, whereas in the fully adjusted

meta-analysis a high heterogeneity was observed for
Cawthon 2002 (Supplemental Figure 9).

Discussion
To the best of our knowledge, the present study is the
first meta-analysis conducted to date showing a beneficial
association between MedDiet adherence and TL in blood
cells. However, since all the studies are cross-sectional,
observed associations do not imply a causal relation.

It is important to highlight that the present results are
not completely in line with the only 2 previous prospective
studies conducted so far, a cohort study and an RCT, where a
deleterious association between MedDiet adherence and TL
was reported (13, 35). In the prospective cohort study, con-
ducted in 1046 subjects aged between 56 and 70 y, MedDiet
was associated with a faster TL shortening in women (35),
whereas their null association in men mirror our present
results. In the RCT, conducted in 520 subjects aged between
55 and 80 y, the MedDiet supplemented with nuts had a
detrimental effect in telomere shortening compared with the
low-fat control group (13). However, small effect sizes in
combination with middle-age participants and short follow-
up times, makes it difficult to assess the association between
TL and MedDiet. These contradictory results are difficult
to explain since it is expected that the MedDiet, due to
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FIGURE 4 Forest plot for the association between telomere length and adherence to the Mediterranean diet including women only
(cross-sectional studies). Figure shows independent meta-analysis for age-adjusted (A) and fully adjusted (B) of Hedges’ g parameter. SMD,
standardized mean difference.

its intrinsic antioxidant and anti-inflammatory properties,
should prevent TL shortening. However, as stated by the
authors, in the prospective cohort study the effect estimate
was small and clinically nonsignificant (35). Moreover, the
clinical trial was conducted in Mediterranean individuals
and the authors suggested that the lifelong exposure to the
MedDiet could be more important in determining TL than
a dietary intervention of only 5 y. In fact, results could
also be affected by those participants with a suboptimal
compliance of the intervention. In any case, there is an
urgent need to conduct prospective cohorts and RCTs to
confirm our findings in relation to the beneficial associa-
tion of MedDiet adherence and TL. In the present meta-
analysis, considering sex subgroup meta-analysis, we have
reported that the associations between MedDiet adherence
and TL, was only significant in the age-adjusted meta-
analysis for women. This may suggest a bigger impact of
potential confounders regarding the MedDiet-TL axis in
women.

Different underlying mechanisms could explain the pos-
itive association between MedDiet and TL. Some key foods
of the MedDiet, such as vegetables, fruits, olive oil, nuts,
and wine, are especially rich in antioxidant and anti-
inflammatory components that have been implicated in TL

maintenance (43). Their consumption has been broadly
associated with an improvement of several inflammatory and
oxidant biomarkers [reviewed in (44)]. In fact, the MedDiet
may positively influence telomere attrition by reducing in-
flammation and oxidative stress (45). It is unclear whether the
protective effects on TL provided by the MedDiet result from
its individual constituents or synergistic combinations of
them. Such interactions induce, by multifactorial protective
specific aging mechanisms (i.e. inflammation and oxidative
stress), a reduction in the risk of disease (46, 47).

Only 1 study [Boccardi et al. (30)] has analyzed the effect
of a food pattern on telomerase—the enzyme responsible
for telomere elongation—activation showing a positive asso-
ciation between MedDiet adherence and TL or telomerase
activity. Importantly, there is a huge need for prospective
studies in order to unravel whether MedDiet contributes to
telomere elongation and/or to prevent accelerated attrition.
In the present study, a low interstudy heterogeneity was
observed in all the meta-analyses conducted except for the
fully adjusted meta-analysis in men. Even though we cannot
explore the sources of heterogeneity, the exclusion of Leung
et al.—the only 1 using the Panagiotakos score—resulted in
a significant positive association between MedDiet and TL
together with the removal of heterogeneity. We may speculate
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FIGURE 5 Forest plot for the association between telomere length and adherence to the Mediterranean diet including men only
(cross-sectional studies). Figure shows independent meta-analysis for age-adjusted (A) and fully adjusted (B) of Hedges’ g parameter. SMD,
standardized mean difference.

that the interstudy heterogeneity observed in our analyses
could be partially due to the different MedDiet scores used
in each study and the differential population analyzed (i.e.
Australia, Finland, Italy, Spain, and the USA). In regards to
the subgroup analysis by the qPCR TL method, the studies
using Cawthon 2002 resulted in a higher heterogeneity in the
fully adjusted meta-analysis for men, which was not exhibited
in those using Cawthon 2009. Notably, there were only
2 studies assessing qPCR TL using Cawthon 2009. However,
due to the limited number of studies included in each
meta-analyses (<10) we could not assess the contribution
of the different scores or qPCR TL methods to the overall
heterogeneity.

Strengths and limitations
The present study has several strengths, first, principal
investigators of the retrieved articles were contacted, agreed
to participate, and provided standardized data in order to be
able to pool the study results. Second, 2 different databases
were used to identify available published studies regarding
this topic using a systematic review. Third, all the studies
adjusted their results for age and sex, which are 2 well-known
factors associated with TL, as well as for other potential
cofounders. Fourth, the overall heterogeneity was low and
nonsignificant in our meta-analyses.

This study also has several limitations that need to be
discussed. Since only 1 RCT and 1 prospective cohort study
were identified, it was not possible to conduct a meta-analysis
for these types of study design. Moreover, a relatively small
number of cross-sectional studies were identified and in-
cluded in the meta-analyses. In addition, in the fully adjusted
meta-analyses in men, considerable interstudy heterogeneity
was observed, but sources contributing to it could not be
explored because of the few studies included (<10 in each
analysis). However, removal of Leung et al. in those analyses
reduced heterogeneity. Furthermore, published studies used
different MedDiet scores to measure MedDiet adherence or
qPCR TL methods which could influence the observed re-
sults, although we could not evaluate to what extent it affected
the pooled effect estimates. It is important to highlight that
the meta-analyses were based on cross-sectional studies and,
although we also asked corresponding authors to report the
fully adjusted means, each 1 included different covariables
in the models. Therefore, residual confounding could not be
excluded from the results.

Conclusions
The present study showed a positive association between
MedDiet adherence and TL in blood cells. This systematic
review and meta-analysis of cross-sectional studies provides
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the most wide-ranging analysis to date on the association
between MedDiet and TL.

Taking into account that biological aging is caused in
part by telomere shortening, a greater adherence to a healthy
dietary pattern such as MedDiet may be used to counteract
multiple age-related diseases through counteracting telomere
shortening. However, large prospective observational studies
and clinical trials are warranted to determine with a high
level of evidence the beneficial effect of MedDiet on TL
or telomerase activity. In addition, since genetic factors are
also involved in TL maintenance, nutrigenetic/nutrigenomic
approaches are required in order to gain deeper insights on
the potential benefits of MedDiet on telomere maintenance.
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